SINCE THE classical experiments of Anitschkow and Chalatowl accelerating the development of atherosclerosis in rabbits by feeding them cholesterol, it has been recognized that cholesterol may play an important, perhaps contributory, role in the pathogenesis of atherosclerosis in man. There are two principal hypotheses as to the source of the lipids in the atheromatous lesion.
One hypothesis is that the lipids of the aorta are derived from the plasma by infiltration. The evidence therefore has been indirect, based on a variety of associations between chemical determinations and clinical or pathologic observations. Hirsch anid Weinhouse2' 3 reviewed the literature and reported their analyses of a considerable series of aortas. They considered that unknown tissue factors are important in the causation of atherosclerosis. The composition of lipid extracts from early plaques and normal intimas that they determined was very similar to that of another large reported series of lipid extracts of plasma. They concluded that lipid deposits in atherosclerosis result from a nonselective deposition of plasma lipids.
The other hypothesis is that local synthesis is the main source of lipids in the development of atherosclerosis. This view is supported by the work of MeCandless and Zilversmit,4 who found evidence that, in the production of atherosclerosis in the rabbit, the phospholipid in the plaques is derived from synthesis within Public Health Service, and the American Heart Association.
Circulation, Volume XXII, October 1960 the aorta. It has also been demonstrated5 6 that the aorta of the calf, chicken, rabbit, and guinea pig can incorporate C14-acetate into cholesterol in vitro. The aortas of men, dogs, cats, and rats have not been shown, however, to possess that ability.6 Extensive studies on the turnover of plasma cholesterol in man have been carried out by Biggs et al.7-9 Hellman et al.0" 11 and Gould and co-workers'12 13 with the aid of labeled acetate and labeled cholesterol. Following the administration of C14-acetate to man, C14-cholesterol rapidly appeared in the plasma. Its free cholesterol had the highest early specific activity, and the esterified fraction did not reach equilibrium with the free portion until 2 to 3 days had elapsed. There are some partial studies dealing with the dynamic aspects of cholesterol metabolism in human tissues. Biggs and co-workers7 reported that labeled cholesterol was detected in the aorta of a patient who died 43 days after the feeding of H3-cholesterol. Kurland et al. ' 4 also found C14-activity in the aorta and in a number of tissues, in 1 of 3 subjects given intravenous infusions of C'4-cholesterol, who died 15 days later. LeRoy and co-workers,'3 in short intervals following the administration of C14-acetate and H3-cholesterol to human subjects, found that the plasma and liver free cholesterol come into very rapid equilibrium. The cholesterol in other tissues came into equilibrium with the plasma cholesterol more slowly. Also, they found that the human adrenal synthesized cholesterol in vivo.
Because of the incompleteness of information concerning the metabolism and interchange of cholesterol in the aorta and other tissues, in man, more comprehensive studies Following the test meal, blood samples were obtained every day for the first 10 days and then at regular weekly intervals until death.
Treatment of Tissues and Analysis
Autopsies were performed within 6 hours after death and the following tissues were obtained: abdominal aorta, liver, kidney, heart, adrenal gland, and skeletal muscle. The aorta was freed of the tissue adherent to it, and its layers were carefully dissected along their cleavage planes into adventitia, media, and intima. The A brief comment on the interpretation of the data presented is in order. The metabolism of these individuals, for a short time prior to their death, might be expected to have been somewhat different from that of normal persons. Although 3 of the subjects were eating poorly at the time of the administration of the test dose of cholesterol-4-C14, they were all, except patient Rud, in good nutrition at that time as evidenced by small weight losses and normal serum cholesterol levels. Also, cholesterol absorption appeared to be good, as indicated by the specific activities of the free and esterified fractions of the cholesterol of the serums obtained in the early days and weeks following the administration of the test doses. Attempts were made to maintain good nutritional status, except for some defects in calories, by the liberal use of a high-protein and high-vitamin formula, by gavage, when semi-coma or other occurrences prevented a satisfactory oral intake of food. During the terminal days an adequate parenteral intake of water, glucose, and the water-soluble vitamins was maintained until a few hours before death. The average, rather than the terminal, chemical values for serum cholesterol are used for the calculations. 
Results

Cholesterol Concentration of Tissues
The free cholesterol concentrations in the different tissues ranged from 0.9 to 3.9 mg./ Gm. wet tissue (table 2). The esterified fraction was somewhat more variable and it was highest in the adrenal gland, which had approximately 83 per cent of its cholesterol present in the esterified form.
The adventitia had a concentration of free cholesterol that was not remarkable (table 3) . Its esterified cholesterol had a higher proportionate concentration (33.3 per cent of the total cholesterol)-than that of other tissues except the serum, the adrenal glands, and other portions of the aorta. The concentrations of free and esterified cholesterol in the media were intermediate between those of the adventitia and those of the normal-appearing intima. The thickened intima or plaques and the free-lying lipid deposits had progressively higher concentrations of cholesterol. It is noteworthy that, of all the tissues examined in this study, except the adrenal glands, the intima of the aorta had the highest cholesterol concentrations, with a considerable portion (50 to 60 per cent) of that cholesterol in the esterified form.
Lipid Partition, Aorta
The lipid partition in different areas of the aorta is shown in table 4. In the adventitia a large proportion, 84.8 per cent of the total lipid, was present as triglyceride. The normalappearing intima had cholesterol and triglyceride concentrations that were approximately double those of the media, whereas its phospholipid concentration was the same as that of the media. The thickened intima had concentrations of the 3 lipid fractions that were double those of the normal-appearing intima, the percentages of those fractions, in terms of the total lipids, remaining the same as those of the normal-appearing intima. The free-lyinig lipid deposits in the intima had the same concentrations of phospholipid and triglyceride as the thickened intima, but approximately twice the concentrations of cholesterol.
Tissue Cholesterol Specific Activities
The specific activities of the free serum cholesterol rose rapidly and usually became maximum during the first 24 hours. The labeled esterified fraction of the serum rose more slowly and did not reach maximum equilibrium until 2 to 3 days had elapsed. Thereafter, both cholesterol fractions of the serum had essentially the same specific activities. They deelined, rapidly at first and then slowly.
The specific activities of the free and esterified cholesterol of the tissues obtained at necropsy, except the aorta, are shown in The specific activity of the esterified cholesterol of the liver was about one third that of the corresponding fraction of the serum at the earliest time (2.5 days). The specific activities of the esterified cholesterol of the various tissues approximated that of the serum cholesterol esters at 18 to 27 days.
The specific activity curves for the free and esterified fractions of the liver are shown in figure 1 . All of the points adhere closely to the curves except those for patient Ran, at 38 days, whose tracer dose was not adjusted to his unusually small size and was relatively much larger than those of the other subjects. The specific activities of all of his cholesterol samples were, accordingly, disproportionately large.
Of the portions of the aorta, only the adventitia showed C14-cholesterol activity at the earliest time, 2.5 days (table 6) . Its free cholesterol was in approximate equilibrium with that of the serum at 18 days. The data on the esterified fractions of the adventitia are erratic. The specific activities of both cholesterol fractions of the media were low at all times, except for that of the free cholesterol fraction of patient Ran.
The normal-appearing intima was slow in showing C14-cholesterol activity. There were only traces of activity in both of its cholesterol fractions at 18 days. Both fractions attained peaks of specific activity at between 27 21 The specific activities of the red blood cell cholesterol fractions were not determined. Gould, Le Roy, et al.12 found that the peak of specific activity of the erythrocyte free cholesterol was attained in man in 8 to 12 hours after doses of C14-acetate. It is therefore assumed that that fraction would have about the same turnover time as that of the plasma free cholesterol. Also, the turnover times of the free cholesterol fractions of liver and plasma are not significantly different, as would be expected from the close approximation of their specific activities. The free cholesterol of the adrenal glands had a turnover time twice as long as that of the serum. The free cholesterol fractions of other tissues had much longer turnover times.
The turnover times of the free and esterified tThe high specific activities of the cholesterol of all patient Ran's tissues are explainable by his small size (94 lbs.) to which nis tracer dose of C"-cholesterol was nlot adjusted. §This subject received 75 Ac. cholesterol-4-CO4; for comparative purposes the tissue specific activities were corrected to 50 i,c. in this and ensuing tables. This study provided data for the calculation of the contributions of plasma cholesterol to the cholesterol contents of the tissues examined (table 9) . A large portion of the free cholesterol (65 to 88 per cent) of the kidney, heart, and skeletal muscle was derived from the plasma. The contributions of the cholesterol esters of the plasma to the tissues studied were on the order of 70 to 90 per cent. The rest of the cholesterol of the different tissues is presumed to have been derived by synthesis. The adrenal gland was the most active in the synthesis of free cholesterol.
The normal-appearing intima was calculated to have derived 60 to 65 per cent of both its cholesterol fractions from the plasma, leaving the remainder to have been derived by synthesis. There were insufficient usable points on the specific activity curves to make Circulation, Volume XXII, October 1960 those calculations more than a fair approximation. Those of patient Ste were not used, since the specific activities of the cholesterol of his intima deviated so distinctly from those of the other patients in their relation to time and to the specific activities of the cholesterol of his other tissues. Those of patient Ran were used after correcting them for the disproportionately large tracer dose of C14-cholesterol that he received, not according to his serum cholesterol, but according to other tissue cholesterols, which were so consistent from patient to patient.
The specific activities of the cholesterol fractions of thickened intima seem to indicate that a smaller portion of both its cholesterol fractions were derived from plasma. The labeled cholesterol of that portion of the intima was diluted, however, by twice as much tissue cholesterol, already present. The finding of only traces of C'4-cholesterol in the free-lying lipids indicates that isolated lipid deposits in the intima are relatively inert.
There has been little doubt that the liver is capable of synthesizing esterified cholesterol. It has not been determined, however, what portions of the plasma and tissue esterified cholesterol are derived from that source. In previous studies'6 24 it was shown that in the rat a major portion of both exogenous and reabsorbed endogenous cholesterol is esterified in transit through the mucosa to the lymph. Since a large portion of the cholesterol enters the circulation by that lymph route, it may be an important source of the blood and tissue cholesterol esters in man. Also, withdrawal of lymph cholesterol esters, via a thoracic duct cannula, markedly stimulates synthesis of cholesterol esters in tissues of the rat. '5 The data of this study on specific activity indicate that rapid interchange of the cholesterol esters of liver and plasma does not occur. The rate of turnover of the esterified cholesterol of the liver should have been at least 10 times faster than the turnover rate that was found, if all of the cholesterol esters of the plasma were derived from the liver. It would appear that in man a major portion of ester cholesterol is formed by synthesis, during transit through the intestinal mucosa to the lymph and by synthesis in the tissues.
The data concerning the cholesterol in the adrenal gland provide information concerning the mode of synthesis of its cortical hormones. There is evidence for the existence of two distinct pathways for cortical hormone synthesis in the adrenal glands, one by direct synthesis from acetate and the other through cholesterol, as an intermediary product.25 In this study, the turnover of free and esterified cholesterol in the adrenal glands was found to be approximately 6.5 Variations in that unknown mechanism might explain, in part, the facts that while a large proportion of subjects who have had a myocardial infarction, in many reported series, have had increased serum cholesterol concentrations, a considerable proportion of such subjects have had normal, and some of them low normal, serum cholesterol values. A reversibility or decreased activity of that mechanism might be related, in part at least, to the long survival periods of some persons after myocardial infaretion. Also, a low activity of that mechanism might be related to the low incidence of coronary disease among the heterologous subjects with familial hypercholesteremia in the very large family studied by Summary Tracer doses of cholesterol-4-C'4 were administered to each of 8 patients with limited life expectancies. Chemical determinations of free and esterified cholesterol and determinations of their C14-specific activities were made in serially collected sera, in tissues, and in Circulation, Volume XXII, October 1960 the different layers of the abdominal aorta, the intimas of which were separated where possible, into normal-appearing intima, thickened intima, and free-lying lipid material. The turnover times of the free and esterified cholesterol fractions of the various tissues and the portions of those fractions derived from the plasma and by synthesis were calculated from these data.
The plasma and liver free cholesterol fractions were in equilibrium at the earliest time, 2.5 days. The free cholesterol fractions of other tissues were in equilibrium with the plasma free cholesterol at later dates. The esterified cholesterol fractions of the various tissues, including liver, were in equilibrium with that of the plasma at later dates than were their free fractions.
The findings indicate that a large portion of the cholesterol ester of the plasma is not derived from the liver.
The greater part of both the free and ester cholesterols of other tissues was derived from the plasma, although a significant portion was derived by synthesis, except for both fractions of skeletal muscle. The adrenal glands were the most active in the synthesis of free cholesterol.
The data indicate that a major portion of adrenal cortical hormones is synthesized directly from acetate, without cholesterol as an intermediary product.
A major portion of the cholesterol of the intima was derived from plasma through interchange but a considerable amount of cholesterol was synthesized in the intima. The free-lying lipids in the intima appeared to be inert.
Data concerning the changes of the lipid contents of the intima with the development of atherosclerosis have been presented.
One patient, who died of a second myocardial infaretion, differed from the others in having a longer turnover time of the cholesterol of his intima. de cholesterol esterificate e determinationes de lor activitates specifie a C' esseva executate in serialmente colligite specimens de sero, in tissus, e in le varie stratos del aorta abdominal, con le distinction in le caso del intima del aorta-in tanto que possibile -inter specimens a apparentia normal, specimens con spissification, e libere depositos de materiales lipidic. Super le base de iste datos il esseva possibile calcular le tempores de transition pro le fraetiones libere e esterificate de cholesterol in le varie tissus e le portiones de ille fractiones que esseva derivate ab le plasma de un latere e synthetisate del altere latere.
Le fractiones libere de cholesterol del plasma e del hepate se trovava in equilibrio post le plus breve intervallo, i.e. 2,5 dies. Le fractiones de cholesterol libere in le altere tissus se trovava in equilibrio con illos del plasma a tempores plus tardive. Le fractiones de cholesterol esterificate in le varie tissus, incluse le hepate, se trovava in equilibrio con illos del plasma post intervallos plus longe que le correspondente fractiones de cholesterol libere.
Le datos indica que un grande portion del esterificate cholesterol del plasma non es derivate ab le hepate.
Le plus grande parte del cholesterol libere e del cholesterol esterificate in le altere tissus esseva derivate ab le plasma, ben que un significative portion esseva formate per synthese, con le exception de ambe fractiones in le caso de musculo skeletic. Le glandulas adrenal esseva le plus active in le synthese de cholesterol libere.
Le datos indica que un portion major de hormones adreno-cortical es synthetisate directemente ab acetato, sin le occurrentia de cholesterol como producto intermediari.
Un portion major del cholesterol del intima aortic esseva derivate ab le plasma per un processo de intercambio, sed un quantitate considerabile de cholesterol esseva etiam synthetisate in le intima mesme. Le libere depositos lipidic in le intima pareva esser inerte.
Es presentate datos concernente le alterationes del contento lipidic del intima in le curso del disveloppamento de atherosclerosis.
Un patiente, qui moriva de un secunde infarcimento myocardial, differeva ab le alteres in tanto que ille habeva un plus longe tempore de transition pro cholesterol in su intima.
